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ABSTRACT 

Wind  energy  plays  an  important  role  in  the  power  generation  as  the  fossil  fuels  become  more  and  more  scarce 
and  costly.  Small  horizontal  axis  wind  turbine  has  been  considered  in  this  study  and  its  problems  are  identified  and 
analyzed.  Magnetic  locking  and  higher  static  friction  are  the  main  problems  faced  by  small  horizontal  axis  wind  turbine 
at  lower  wind  speeds.  As  for  this  study,  the  wind  speed  is  considered  at  4  m/s  in  accordance  with  the  Indian  average  wind 
speed.  The  soft  iron  core  is  replaced  by  Aluminum  core  in  order  to  minimize  the  problems  such  as  higher  weight, 
magnetic  locking  and  higher  static  friction  and  their  effects.  Some  of  the  problems  have  been  solved  with  some 
drawbacks  which  will  be  solved  by  further  investigations. 
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INTRODUCTION 

Wind  energy  is  certainly  a  vast,  clear,  safe  and  renewable  green  energy  resource.  Wind  energy  has 
become  economically  more  viable  in  comparison  to  fossil  fuels.  The  usage  of  wind  energy  can  be  dated  back  to 
the  ancient  times  since  mankind  has  been  benefited  from  the  power  of  wind.  With  the  changing  climates  and 
growing  environmental  concerns,  the  need  for  a  greener  environment  and  atmosphere  with  cleaner  energy  has 
never  had  such  an  impact  as  today  [1]. 

Wind  power  has  become  an  important  and  integral  source  of  environmental-friendly  energy  and  its 
importance  keep  on  increasing  ever  as  never.  Because  of  the  tremendous  need  for  power,  the  amount  of  wind 
power  installed  is  increasing  every  year  and  many  countries  have  shown  interest  to  make  large  investments  in 
wind  power  in  near  future  [2].  The  importance  of  wind  energy  is  nothing  further  that  wind  energy  requires  no 
water  in  its  operation,  as  in  the  case  for  the  fossil  fuel  extractions  and  their  usage  and  conversion  of  other  energies 
to  power  do  require  water,  which  is  more  essential  to  sustaining  life  than  to  power  production,  except  during 
maintenance  cleaning  which  does  not  happen  very  often.  Additionally,  exhausts  of  wind  power  production  don't 
produce  any  kind  of  poisonous  pollutants  such  as  nitrous  oxide  or  sulfur  dioxide  or  particulates  as  in  the  case  of 
coal  and  gas  to  a  lesser  extent.  The  forecast  by  the  International  Energy  Authority  (IEA)  to  make  the  greatest 
contribution  of  all  clean  energy  technologies  in  the  coming  decades  in  terms  of  C02  reduction,  making  wind  power 
an  invaluable  asset  in  the  quest  for  a  sustainable  environment  [1]. 

A  wind  turbine  is  a  machine  for  converting  the  kinetic  energy  in  wind  into  mechanical  energy.  If  the 
mechanical  energy  is  used  directly  by  machineries,  such  as  a  pump  or  grinding  stones,  the  machine  is  usually 
called  a  Wind  Mill.  If  the  mechanical  energy  is  then  converted  to  electricity,  the  machine  is  called  a  Wind 
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Generator  or  a  wind  turbine.  A  vast  kind  of  wind  turbines  is  developed  in  due  course  [3]  and  put  together  they  can  be 
classified  into  two  broad  groups  of  turbines  based  on  the  orientation  of  their  axis  of  rotation.  The  classifications  fall  as 
horizontal  axis  wind  turbines  (HAWTs)  and  vertical  axis  wind  turbines  (VAWTs)  [2]. 

Horizontal-axis  wind  turbines  (HAWTs)  have  the  main  rotor  shaft  and  electrical  generator  at  the  top  of  a  tower 
and  must  be  pointed  into  the  wind  an  example  of  which  is  shown  in  figure  1.  Vertical-axis  wind  turbines  (or  VAWTs)  have 
the  main  rotor  shaft  arranged  vertically  an  example  of  which  is  shown  in  figure  2. 


Figure  1:  Horizontal-Axis  Wind  Turbine. 


Figure  2:  Vertical-Axis  Wind  Turbine. 

Wind  availability,  the  ainfluence  of  height  of  installation  above  ground,  an  effect  of  wind  gusting  and  micro-siting 
of  wind  turbines  are  the  main  factors  to  be  considered  while  selecting  the  site  for  the  annual  energy  output.  Site  selection, 
height,  choice  of  wind  generators,  a  velocity  of  wind,  wind  power  potential  are  considered  as  the  primary  objective 
functions  of  mathematical  probabilistic  models  to  predict  or  determine  the  wind  turbine  energy  output  [4].  Small  wind 
turbines  operating  face  some  problems  often  if  not  regularly  resulting  in  the  poor  performance  due  to  the  low  Reynolds 
number  (Re)  in  the  wind,  which  is  a  result  of  low  wind  speeds  and  small  rotor  size.  The  rotor  involved  an  exponential 
twist,  taper  distribution  and  the  AF300  airfoil  for  improved  aerodynamic  performance  even  at  lower  wind  speeds  say  3-7 
m/s  [5].  Energy  is  one  of  the  user  parameters  in  wind  power  generation  since  it  gives  different  conditions  for  wind  power 
generations  with  a  single  unified  metric.  With  the  help  of  these  energy  methods,  better,  site  selection  and  better  turbine 
design  leading  to  improved  system  efficiency  decreased  economic  cost  and  increased  wind  energy  system  capacity  [6].  The 
magnitude  of  power  loss,  increase  with  a  decrease  in  wind  speeds  [7].  When  in  close  proximity  to  the  seabed,  the  wake 
deflects  downwards  due  to  mass  flow  rate  discontinuity  above  and  below  the  rotor  disk  [8].  The  focus  should  be  given  on 
the  research  towards  the  improvement  of  characteristics  of  a  rotor  for  the  betterment  of  power  generation  through  wind  [9]. 
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To  extract  the  maximum  possible  power  from  the  available,  the  blades  should  be  rotating  at  wind  speed  at  a  velocity  lower 
than  its  average  wind  speed  and  starting  torque  near  the  hub  also  contributes  to  the  start  of  the  rotation  of  the  blade  [10]. 

Magnetic  locking  and  higher  static  friction  are  found  to  be  the  major  problems  for  initial  start-up  of  small 
horizontal  axis  wind  turbines  at  lower  wind  speed.  An  effort  is  taken  in  order  to  design  a  small  horizontal  axis  wind  turbine 
by  avoiding  the  initial  startup  problems. 

METHODOLOGY 

Blades,  rotor,  stator,  towers,  generators  form  the  major  components  of  the  horizontal  axis  wind  turbine. 
The  design  is  based  on  the  Betz  limit  which  is  that  the  maximum  achievable  energy  of  a  wind  turbine.  The  basic  law  for 
the  wind  turbine  is  Faraday’s  law  which  states  that  “It  says  that  when  a  conductor  is  placed  in  a  rotating  magnetic  field  it 
experiences  a  current’’.  The  experiment  is  performed  as  a  comparison  of  two  small  horizontal  axis  wind  turbine  one  of 
which  has  a  soft  iron  core  and  another  has  an  aluminum  core  with  same  dimensions.  Here  aluminum  is  considered  as  the 
base  material  instead  of  iron  because  of  its  high  strength  to  weight  ratio.  The  rotor  is  designed  with  the  following 
specifications. 

Outer  Diameter:  166mm 

Inner  Diameter:  131mm 

Widthof  permanent  magnets:  41.5  mm 

Heightof  permanent  magnets:  73.4  mm 

Number  of  permanent  magnets:  10 

The  stator  is  placed  in  the  rotating  magnetic  field  and  the  magnetic  ilux  lines  are  cut  by  the  iron  stamps  of  the 
stator  with  inclined  slots  ins  which  the  coils  are  wound  and  they  are  coated  with  varnish  in  order  to  avoid  the  atmospheric 
effects.  The  stator  design  specifications  are 

Diameter:  130mm 

Core  length:  77mm 

Number  of  bearings:  2 

Shaft  outer  diameter:  52mm 

Shaft  inner  diameter:  42mm 

Number  of  slots  :  30 

The  Specifications  for  Coil  Winding  in  Iron  Stampings  are  as  Follows 

Coil:  20  gauge  insulated  copper  wire 
Winding  :  40  turns  per  slots 
Type  of  connection:  3-phase  star  connection 
Pitch  :  1  to  4 
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The  looping  pattern:  N —  1  -4-7-10-13-1 6-  19-22-25-28-R 

N— 2-5-8-11-14-17-20-23-26-29- Y 
N— 3-6-9-12-15-18-21-24-27-30-B 

The  main  shaft  is  made  with  52  and  47  mm  outer  and  inner  diameter  respectively  with  two  SKF6204  bearings. 

In  case  of  aluminum  stator  stamps  were  not  made,  but  instead,  a  whole  block  of  aluminum  is  machined  to  the 
required  specifications  with  the  slots  prepared  by  drilling  and  metal  cutting.  The  other  major  difference  in  the  two  stators  is 
the  winding.  Aluminum  stator  is  wounded  with  the  same  20  gauge  coils,  but  with  72  turns  per  slot  whereas  in  iron  stator 
only  40  turns  per  slot  were  used.  This  increase  the  amount  of  magnetic  conductivity  of  the  setup  since  aluminum  does  not 
have  a  higher  permeability  like  iron.  Both  the  experimental  set  up  is  placed  on  the  top  of  the  building  for  measurement  of 
power  which  is  shown  in  figure  3. 


Figure  3:  Working  Horizontal-Axis  Wind  Turbine 
RESULTS  AND  DISCUSSIONS 


Before  the  setup  is  installed  in  the  destination,  a  Pro-E  model  is  created  with  the  available  specifications  and 
assembled  and  then  animated  to  see  that  if  this  project  works  really  which  is  shown  in  figure  4.  This  Pro-E  model  was  a 
successful  step  and  only  after  this  process  the  real  Small  horizontal  axis  wind  turbine  was  installed.  The  wind  speed  in  the 
spot  was  around  3m/s  to  6  m/s. 

i 

Figure  4:  Assembly  Design 

The  wind  turbine  model  with  the  iron  stator  did  not  show  initial  rotation  when  the  wind  speed  was  around  3m/s. 
This  is  due  to  the  magnetic  locking  force  and  the  higher  static  friction.  The  wind  speed  of  3m/s  was  not  enough  to  give  the 
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initial  motion  by  breaking  the  magnetic  force  of  attraction  between  the  stator  and  the  rotor.  Also,  the  higher  static  friction 
supported  to  the  locking  of  the  stator  and  the  rotor.  But  when  the  wind  speed  crossed  4m/s  the  wind  turbine  blades  started 
to  rotate.  This  is  because  a  wind  speed  of  4m/s  has  given  enough  counter  force  to  break  the  magnetic  locking  which 
prevents  the  rotation  of  the  blades.  When  the  wind  speed  was  around  5m/s  a  power  of  about  400W  was  obtained,  but  with  a 
lower  wind  speed  no  rotation  was  found. 

The  wind  turbine  model  with  the  aluminum  stator  has  shown  initial  rotation  even  when  the  wind  speed  was 
around  2m/s.  This  is  due  to  the  reduced  weight  of  the  stator  due  to  aluminum  and  magnetic  locking  was  not  much  a  factor 
to  be  worried  in  this  case.  The  blades  do  show  a  positive  result  of  rotating  even  with  a  lower  wind  speed,  but  power  was 
not  generated  due  to  the  lesser  permeability  of  aluminum. 

CONCLUSIONS 

This  experiment  provides  the  method  to  validate  the  production  of  power  from  wind  energy  when  the  wind  blows 
at  less  than  2m/s.  Instead  of  using  ferrous  material  inside  the  core  of  the  horizontal  axis  windmill,  aluminum,  which  is  a 
conducting  material  is  used.  Even  though  there  was  no  power  produced,  the  wind  turbine  blades  rotated  even  at  a  lower 
wind  speed  which  is  a  positive  outcome.  Weight  reduction  was  one  of  the  notable  outcomes  of  this  experiment  and  with 
better  alternative  stator  materials  Power  at  a  lower  wind  speed  can  be  achieved  without  changing  much  of  the  design 
parameters. 

RESEARCH  LIMITATION 

This  work  was  done  in  the  private  small  -scale  industry  located  at  Coimbatore,  Tamilnadu,  India.  The  size  which 
is  taken  as  a  sample  of  this  project  work  was  limited  to  a  small  HAWT  which  was  already  there  in  the  industry.  So  these 
results  can  be  improved  by  using  improved  design  parameters. 
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